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A powerful psychophysical tool which can further elucidate whether numerosity and 39 time rely on similar neural networks as ATOM postulates, is perceptual adaptation. Adapta-40 tion has been described as the "psychophysicist's microelectrode" (Frisby, 1979) , since the 41 visual aftereffects produced after adapting to a stimulus isolate the neural networks which 42 respond selectively to the features of that stimulus, offering a behavioral window in the un- cross. The reference numerosity (40 dots) was presented at the adapted location, and the test 125 (varying in numerosity) was presented at the opposite side. The same design was followed in 126 the duration adaptation-numerosity discrimination condition, with the only change being a 127 40-dots adapter lasting for 67 ms (short) or 600 ms (long). In duration adaptation, a short or 128 long duration adapter of 40 dots would be presented either to the left or the right of the fixa-129 tion cross. The reference was a 40-dot patch (333 ms) presented at the adapted location. The 130 test (white noise of varying duration) was presented binaurally via headphones. In the nu-131 merosity adaptation-duration discrimination condition, the same design was followed, with 132 the only change being a low or high numerosity adapter presented for 333 ms. 133
In duration adaptation, we used a modified version of the duration adaptation method 134
by Heron et al. (2012) , and applied the same, rapid adaptation protocol we used for numerosi-135 ty adaptation (Fig. 1b) . Subjects first performed the neutral adaptation condition (40-dot 136 patch; 333ms) and then adapted to a short (67 ms) or a long (600 ms) duration. The reference 137 was a 40-dot patch (333 ms) presented in the adapted location, while the test was an auditory 138 burst of white noise of varying duration. Participants were asked to respond using a 2AFC 139 paradigm whether the reference or the test lasted longer by pressing the appropriate key. 140
The same procedure was followed in the cross-dimensional adaptation conditions, 141 with subjects being adapted to a low or high numerosity and tested on duration discrimination 142 and adapted to a short or long duration and tested on numerosity discrimination (Fig. 1b) . The 143 order of the magnitude of adaptation (low/high numerosity; short/long duration) was counter-144 balanced within and across participants. Moreover, in order to avoid carry-over effects, par-145 ticipants were adapted to numerosity/duration and tested on the numerosity discrimination 146 task on one day and adapted to duration/numerosity and tested on the duration discrimination 147 task the following day, with the order of the task (numerosity or duration discrimination) be-148 ing, again, counterbalanced across participants. 149
Data analysis 150
All data analyses were conducted using MATLAB, SPSS (version 24.0, SPSS Inc., creating 10 equally sized bins of 10 trials. We then fitted these data with cumulative Gaussian 155 functions to yield estimates of the point of subjective equality (PSE) and slope for each con-156 dition and used the PSE and slope values for subsequent analyses on the effects of numerosi-157 ty and duration adaptation. 158
Given that adaptation stimuli were presented at one side (e.g. left) for half trials and at 159 the opposite side (e.g. right) for the other half, we wanted to ensure that this design would not 160 yield significant differences in the average PSE and slope values. Indeed, there were no sta-161 tistically significant differences in the obtained measurements when the adaptation stimuli 162 were presented to the left compared to the right side in each adaptation condition-task, after 163 using false discovery rate (FDR)-corrected significance thresholds. Likewise, there were no 164 statistically significant main or interaction effects of the presentation side block (adaptation 165 trials starting from the left or right side) and task order (performing the numerosity discrimi-166 nation tasks at day 1 and the duration discrimination tasks at day 2, and vice versa) on aver-167 age PSE values in each adaptation condition-task using FDR-corrected significance thresh-168 olds. 169 an overestimation of the reference numerosity, and adaptation to a high numerosity resulted 183 in an underestimation of the reference numerosity (a). Similarly, adaptation to a short and 184 long duration resulted in an overestimation and underestimation of the reference duration re-185 spectively (b). In the cross-dimensional adaptation conditions, adaptation to a low and high 186 numerosity resulted in an overestimation and underestimation of the reference duration re-187 spectively (c), whereas adaptation to a short and long duration resulted in an overestimation 188 and underestimation of the reference numerosity respectively (d).
Results 170

190
In numerosity adaptation (Fig. 3b) , the mean PSE values in the numerosity discrimi-191 nation task were significantly higher after adaptation to a low numerosity (20 dots; M = 37. Bayes factor suggested that these data were only 1.06 times more likely to occur under a 228 model including an effect of numerosity adaptation on duration discrimination rather than a 229 model without it. 230
As shown in Figure 4d , the mean PSE values in numerosity discrimination task were 231 significantly higher after adaptation to a short duration (M = 36.59 dots, SD = 1. Thus, a series of Wilcoxon signed-rank tests were conducted to examine whether the slopes 240 of the psychometric curves of the numerosity and duration discrimination tasks were signifi-241 cantly different after adapting to a low and high numerosity, and a short and long duration. 242
No comparison reached statistical significance after using FDR-corrected significance 243 thresholds. 244
Discussion 245
The purpose of this study was to investigate whether numerosity and duration pro-246 cessing rely on a single magnitude system as postulated by the ATOM theory. To achieve 247 this, we used cross-dimensional visual adaptation to numerosity and duration and a rapid ad-248 aptation paradigm. Our rationale was based on the idea that the aftereffects produced by visu-249 al adaptation are selective to the adapting stimulus, revealing dedicated coding strategies for 250 that stimulus (see review by Webster, 2015) . Hence, we hypothesized that if numerosity and 251 time are processed by similar neural networks, then the visual aftereffects following numer-252 osity and duration adaptation should affect duration and numerosity discrimination respec-253 tively. Our results partially confirm this hypothesis, since we found an unbalanced interaction 254 between numerosity and duration perception. 255
More specifically, and in the unidimensional conditions, we found that visual adapta-256 tion to a low numerosity (20 dots) compared to a high numerosity (80 dots) altered the esti-257 mation of the reference numerosity are all tuned to numerosity and duration discrimination, thus leading to a common pattern of 276 perceptual aftereffects (i.e. under-or overestimation). In other words, if adaptation to dura-277 tion alters sensitivity to numerosity, then it can be inferred that both dimensions are detected 278 by a common network (Webster, 2012) . ration is larger and much less defined compared to the RFs of neurons tuned to numerosity. 310
Hence, it is reasonable to assume that if duration and numerosity rely on similar cortical net-311 works, then the larger RFs of neurons tuned to duration are more likely to affect the response 312 of the smaller RFs of neurons tuned to numerosity. To further examine this possibility, we 313 increased the size of the dot stimuli used as numerosity adapters and retested 12 participants 314 from our original sample on duration discrimination (see Supplementary Materials). We 315 found no significant effect of numerosity adaptation on duration discrimination, which could 316 imply that the RFs of neurons tuned to duration processing are less sensitive to changes in 317 numerosity and object size. Nevertheless, it should be mentioned that the method of adapta-318 tion cannot separate the aftereffects induced on individual neurons from aftereffects induced 319 on a neural network level, rendering the aforementioned account on the size of the RFs of 320 neurons only speculative. 321
Perceptual adaptation is thought to induce changes in sensitivity which appear early in 322 the visual system and can spread to later stages, with complex aftereffects such as the ones 323 examined in our study reflecting changes inherited from earlier levels (Webster, 2012) . Based 324 on this, another explanation for the unbalanced interaction we found in the cross-dimensional 325 adaptation conditions could be that numerosity and duration adaptation occurs at different 326 processing stages leading to a differential influence of one over the other. More specifically, 327 a recent fMRI study found that activation in the IPS but not V1, classified numerosity well, 328 ty and density parameters implicated in inferring adaptation to numerosity and not texture. 393
Thus, we are fairly confident that our experimental design was indeed appropriate for exam-394 ining visual adaptation to numerosity and not texture-like mechanisms. 395
Another potential concern is that the rapid adaptation paradigm we used (100 trials 396 with no top-up adaptation trials) may have hindered the full potential of numerosity and dura-397 tion adaptation on duration and numerosity discrimination respectively. We do not believe 398 this is the case because in the unidimensional adaptation conditions, this rapid adaptation 399 paradigm was effective in inducing robust perceptual distortions in the expected direction. 400 Therefore, it seems unlikely that this adaptation protocol could pose a serious methodological 401 limitation in the cross-dimensional conditions. 402
Conclusions 403
Our study shows that both numerosity and time perception adapt under brief expo-404 sures and have a moderate ability to cross-adapt. We found a unidirectional influence of dura-405 tion adaptation on numerosity judgements, with numerosity adaptation not affecting duration 406 judgements significantly. We argue that numerosity and time processing rely on partially 407 overlapping neural networks. 
